The aim of this study was to evaluate sex difference in the prevalence and risk factors for asymptomatic cholelithiasis in Korean health screening examinees.
Introduction
Cholelithiasis is a major health problem easily encountered in clinics and 120,000 Koreans visited the hospital for gallstone diseases in 2012 with an annual increase rate of 7.3% from 2007 to 2012. Health burden related to cholelithiasis in Korea has been great with costs of nearly $1.6 billion in 2012 and an annual increase rate of 8.6% from 2007 to 2012. [1] The increasing prevalence and health burden of cholelithiasis should be addressed.
The prevalence and risk factors of asymptomatic cholelithiasis vary with race, diet, culture, and geographic differences. Prevalence of 13.3% to 50.5% has been reported for asymptomatic cholelithiasis in Western countries, including United States and Europe, [2, 3] whereas the prevalence of asymptomatic cholelithiasis in Eastern countries, including Korea, has been reported to be lower than that of Western countries with 2.0% to 10.7%. [4] [5] [6] Age, female sex, obesity, dyslipidemia, diabetes mellitus, metabolic syndrome, rapid weight loss, total parenteral nutrition, chronic disease including Crohn disease, cystic fibrosis, and chronic liver disease, and drugs including octreotide, ceftriaxone, and statin were previously identified as risk factors for asymptomatic cholelithiasis. [7] However, previous studies reported conflicting results for some risk factors of asymptomatic cholelithiasis. In some reports from Eastern countries, female sex was not found to be a risk factor for asymptomatic cholelithiasis and the prevalence of asymptomatic cholelithiasis was not significantly different between sexes or even higher in males than females. [4, 6] In a study on sex differences in risk factors for asymptomatic cholelithiasis including 3573 subjects from China, a high level of fasting plasma glucose was a risk factor in males and hypertriglyceridemia or obesity in females. [5] Identifying differences in the prevalence and risk factors for asymptomatic cholelithiasis might be important in management of asymptomatic cholelithiasis and planning preventive strategies for asymptomatic cholelithiasis.
The aim of this study was to evaluate sex differences in the prevalence and risk factors for asymptomatic cholelithiasis in Korean health screening examinees.
Methods

Subjects and measurements
Examinees who underwent examinations through health promotion center at 5 hospitals in Daegu-Gyeongbuk province from January 2014 to December 2014 were included and analyzed retrospectively. Examinees younger than 18 years were excluded. All examinees were checked for height, weight, waist circumference (WC), and blood pressure (BP), and underwent laboratory tests after overnight fasting, including fasting plasma glucose, triglyceride, total cholesterol, high-density lipoprotein (HDL) cholesterol, low-density lipoprotein (LDL) cholesterol concentration, hepatitis B surface antigen (HBsAg), and hepatitis C virus antibody (anti-HCV). Ultrasonography of the abdomen was performed in all examinees.
The prevalence and risk factors for asymptomatic cholelithiasis were compared between male and female. Institutional review board approval was obtained for this study (2015-07-046).
Definition of variables
Diagnosis of cholelithiasis was made by abdominal ultrasound if there was the presence of echogenic densities casting distal acoustic shadow or mobile upon postural change with or without distal acoustic shadowing. [8] Overweight was defined if body mass index (BMI) score was between 23 and 25 kg/m 2 and obesity as BMI score >25 kg/m 2 in both sexes according to definition suggested by World Health Organization criteria for the Asia Pacific region. [9] Central obesity was defined as WC >90 cm in male and >80 cm in female [10] or waist-to-height ratio (WHtR) >0.5.
[11] High BP was defined as systolic BP >140 mmHg or diastolic BP >90 mmHg. Hypertriglyceridemia was defined as a triglyceride level ≥150 mg/dL, hypercholesterolemia as a total cholesterol level ≥200 mg/dL, low HDL-cholesterol level as a HDL-cholesterol level <40 mg/dL in male and <60 mg/ dL in female and high LDL-cholesterol as LDL-cholesterol level ≥130 mg/dL. High fasting glucose was defined as fasting plasma glucose level ≥110 mg/dL. Chronic hepatitis B infection was defined if examinee showed positive result for HBsAg and chronic hepatitis C if positive for anti-HCV.
Statistical analysis
Categorical data were presented as the number of cases and percentages. Continuous variables were shown as mean ± standard deviation. Differences were tested for statistical significance using the Student t test and the Pearson x 2 test. A Cox regression analysis was performed for identification of risk factors for asymptomatic cholelithiasis. Regardless of the statistical tests, the level of significance was defined as P < 0.05. Statistical analyses of the data were performed using SPSS 20 (IBM SPSS, Chicago, IL).
Results
Baseline characteristics and prevalence of asymptomatic cholelithiasis
Among a total of 30,556 examinees who underwent health screening examination, 12 examinees under age 18 years were excluded. Mean age of the 30,544 examinees included in this study was 47.3 ± 10.9 years and male to female ratio was 1.4:1 (17,966:12,578) . Asymptomatic cholelithiasis was diagnosed in 1268 examinees with overall prevalence of 4.2%. No significant difference in overall prevalence of asymptomatic cholelithiasis was observed between male and female (4.3% vs. 4.0%, P = 0.159).
In both sexes, the prevalence of asymptomatic cholelithiasis increased with age (P < 0.05). The prevalence of asymptomatic cholelithiasis in females and males in their 20s, 30s, 40s, 50s, 60s, and over 70 s was 2.2% vs. 1.4%, 2.9% vs. 2.0%, 3.8% vs. 3.5%, 4.0% vs. 5.5%, 6.1% vs. 7.0%, and 8.8% vs. 9.1%, respectively (Fig. 1) . The average increase in the prevalence of asymptomatic cholelithiasis every decade of age was 1.46-fold in males and 1.32-fold in females. In age <40 years, significantly higher prevalence of asymptomatic cholelithiasis was observed in females compared with males (2.7% vs. 1.9%, P = 0.020), whereas males showed significantly higher prevalence than females at age over 50 years (6.2% vs. 5.1%, P = 0.012) (Fig. 2) .
The mean age of males and females was 47.7 ± 10.5 years and 46.7 ± 11.4 years, respectively (P < 0.001). Proportion of obesity was 39.0% (7014/17,966) in male examinees and 18.7% (2357/ 12,578) in female examinees (P < 0.001). Central obesity was observed in 8522 (47.4%) male examinees and 4225 (33.8%) female examinees (P < 0.001). Hypertriglyceridemia was observed in 6370 (35.5%) male examinees and 1600 (12.7%) female examinees (P < 0.001). High fasting glucose was observed in 2235 (12.4%) males and 710 (5.6%) females (P < 0.001). Chronic hepatitis B infection was observed in 815 (4.6%) male examinees and 472 (3.8%) in female examinees (P = 0.001). Chronic hepatitis C infection was observed in 90 (0.5%) males and 42 (0.3%) females (P = 0.032) ( Table 1) .
Age, serum triglyceride and HDL-cholesterol, fasting plasma glucose, and proportion of obesity, central obesity, chronic hepatitis B infection, and high BP were significantly higher in examinees with asymptomatic cholelithiasis compared to examinees without asymptomatic cholelithiasis (P < 0.05) ( Table 2) .
In examinees older than 50 years, higher fasting plasma glucose and proportion of obesity and central obesity were observed in males than females, whereas higher age, total cholesterol, HDL-cholesterol, and LDL-cholesterol were observed in females than males (P < 0.05) ( Table 3 ). In examinees younger than 40 years, males had higher age, total cholesterol, triglyceride, LDL-cholesterol, fasting plasma glucose, and proportion of obesity, central obesity, chronic hepatitis C infection, and high BP than females and higher HDL-cholesterol was observed in females than in males (P < 0.05) ( Table 4 ).
Risk factors for asymptomatic cholelithiasis
In univariate analysis, age (≥50 years), obesity, central obesity, high fasting glucose, high BP, and high LDL-cholesterol were risk . † Defined as waist circumference ≥90 cm in males and ≥80 cm in females or waist to height ratio ≥0.5 in both sexes. ‡ Defined as systolic or diastolic blood pressure ≥140 or 90 mmHg.
x Defined as HDL-cholesterol <40 mg/dL in males and <60 mg/dL in females. Table 2 Comparison of baseline characteristics of examinees according to presence of asymptomatic cholelithiasis.
No Cholelithiasis (n = 29,276) P Age, y 51. (Tables 5 and 6 ).
In stratification of examinees as normal, overweight, and obese according to the level of BMI, positive correlation was observed between the degree of BMI and prevalence of asymptomatic cholelithiasis with statistical significance in males and females (3.9% vs. 4.2% vs. 4.7%, P = 0.025 vs. 3.3% vs. 3.5% vs. 6.7%, P < 0.001).
Discussion
The overall prevalence of asymptomatic cholelithiasis in Korean health screening examinees was 4.2% in this study, comparable with previous reports of Eastern countries. Lower prevalence of asymptomatic cholelithiasis compared to Western countries despite recent westernized dietary changes in Korea suggests that other factors such as genetic or environmental factors might be important in the formation of asymptomatic cholelithiasis. Reasons for this difference in prevalence of asymptomatic cholelithiasis might be diverse. First, the proportion of pigment cholelithiasis is higher in Eastern countries than that of cholesterol stones, which is more predominant in Western countries. A study conducted in Korea reported a higher proportion of pigment stones compared to cholesterol stones in patients who underwent cholecystectomy owing to cholelithiasis. [12] Second, obesity is less prevalent in Korean females compared with Western countries, but similar in males. A study conducted in the United States using data from the National Health and Nutrition Examination Survey (2007-2012) reported 2. † Defined as waist circumference ≥90 cm in males and ≥80 cm in females or waist to height ratio ≥0.5 in both sexes. ‡ Defined as systolic or diastolic blood pressure ≥140 or 90 mmHg.
x Defined as HDL-cholesterol <40 mg/dL in males and <60 mg/dL in females. Table 4 Baseline characteristics of examinees younger than 40 years. . † Defined as waist circumference ≥90 cm in male and ≥80 cm in females or waist to height ratio ≥0.5 in both sexes. ‡ Defined as systolic or diastolic blood pressure ≥140 or 90 mmHg.
x Defined as HDL-cholesterol <40 mg/dL in males and <60 mg/dL in females.
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Medicine obesity of 36.8% in females and 35.0% in males, whereas obesity was reported in 30.5% of females and 34.9% of males in Korea. [13, 14] Similarity in proportion of obesity in males and difference in females can explain in part the higher prevalence of asymptomatic cholelithiasis in males compared with females in Korea.
Age is a well-known risk factor for asymptomatic cholelithiasis and the prevalence of asymptomatic cholelithiasis increased with age in many studies. This study showed that the risk of asymptomatic cholelithiasis increased with age in both sexes showing consistent results with previous reports.
[ 15] Increased formation of cholelithiasis with age is suggested to be related to a longer period of exposure to various risk factors for cholelithiasis and gallbladder dysmotility secondary to sedentary activity in old age. [16, 17] Female sex is an important risk factor for asymptomatic cholelithiasis, and most previous studies reported a higher prevalence of asymptomatic cholelithiasis in female than male. [18] In the present study, females showed significantly higher prevalence of asymptomatic cholelithiasis than males only in age below 40 years. This increased risk of cholelithiasis in females is related to the estrogen effect, pregnancy, use of oral contraceptives, or hormonal replacement therapy. [18, 19] Interestingly, in this study, average increase in the prevalence of asymptomatic cholelithiasis every decade of age was 1.46-fold in males and 1.32-fold in females. As a result, the prevalence of asymptomatic cholelithiasis showed a greater increase in males than females older than 50 years, and at age above 50 years, significantly higher prevalence of asymptomatic cholelithiasis was observed in males than females. Higher prevalence of asymptomatic cholelithiasis in females younger than 40 years was likely to be related to estrogen effect or pregnancy, whereas higher prevalence of asymptomatic cholelithiasis in males than females older than 50 years suggests that decreased estrogen effect or pregnancy diminished the formation of cholelithiasis in females, whereas increase in other lithogenic factors led to the formation of asymptomatic cholelithiasis in males. In this study, males older than 50 years had higher BMI, triglyceride level, and fasting plasma glucose than females, and these differences presumably influenced higher formation of asymptomatic cholelithiasis in males than females older than 50 years.
Obesity, another well-known risk factor for asymptomatic cholelithiasis in the general population, is mainly related to cholesterol stone formation. Mechanisms of cholelithiasis formation in obesity include loss of gallbladder contractility, increased level of cholesterol secretion from liver, and bile supersaturation by increase in biliary secretion of cholesterol. A large prospective study of obese women reported a strong linear association between BMI and the incidence of cholelithiasis. [20] This study also showed statistically significant positive correla- tion between the level of BMI and prevalence of asymptomatic cholelithiasis when examinees were stratified as normal, overweight, and obese according to the level of BMI. WC, WHtR, and waist-to-hip ratio indicate the degree of central obesity, whereas BMI represents the parameter of obesity. BMI is known to be related to risk of cholelithiasis in females but not in males because BMI poorly reflects central obesity in males. [3] However, in this study, BMI was a risk factor for asymptomatic cholelithiasis in both sexes. Although waist-to-hip ratio is known to reflect central obesity more than BMI, in this study hip circumference was not measured due to retrospective design. In this study, central obesity was not found to be a risk factor for asymptomatic cholelithiasis in both sexes. Owing to the retrospective nature of the present study, measurement of WC might have been slightly different between hospitals and this might have influenced the association between central obesity and asymptomatic cholelithiasis. Central obesity is associated with formation of cholesterol cholelithiasis and these differences in association between parameters of obesity and asymptomatic cholelithiasis in the present study might be because of higher proportion of pigment cholelithiasis than cholesterol stones in Eastern countries.
Among lipid profiles, hypertriglyceridemia, a known risk factor for cholesterol stones, [5] was a risk factor for asymptomatic cholelithiasis in females only. Proportion of examinees with hypertriglyceridemia was not significantly different between examinees with and without asymptomatic cholelithiasis in males (34.9% vs. 35.5%, P = 0.757). The mechanisms of increased risk of cholelithiasis formation related to hypertriglyceridemia are increase in the activity of HMG CoA reductase and subsequent increase in biliary cholesterol saturation and decrease in gallbladder sensitivity to cholecystokinin and contractility. Conflicting result of hypertriglyceridemia as risk factor for asymptomatic cholelithiasis between sexes in this study might be related to more frequent alcohol consumption in Korean male than female resulting in higher incidence of alcohol-induced hypertriglyceridemia in males compared to females.
In this study, high fasting glucose was a risk factor for asymptomatic cholelithiasis in univariate analysis, although it was not statistically significant in multivariate analysis. Insulin resistance is also associated with reduced gallbladder motility, overactivation of the rate-limiting enzyme for cholesterol synthesis, and cholesterol supersaturation in the bile, which leads to cholelithiasis formation.
An interesting point of this study was that chronic hepatitis B infection was found as a risk factor for asymptomatic cholelithiasis only in female sex, and chronic hepatitis C infection was not significantly associated with the formation of asymptomatic cholelithiasis. Previous studies have reported conflicting results for chronic hepatitis B infection as a risk factor for cholelithiasis, [21, 22] and previous reports suggested chronic hepatitis C as a risk factor for cholelithiasis. [23] Chronic liver inflammation increases the risk of cholelithiasis [24] and chronic inflammation caused by chronic hepatitis B or C might increase the risk of cholelithiasis. Risk of cholelithiasis was reported to show correlation with the degree of liver cirrhosis. [25] In addition, proportion of examinees with chronic hepatitis C was small and the use of anti-HCV as a surrogate for chronic hepatitis C infection may overestimate the prevalence of chronic hepatitis C infection in this study. This discrepancy between the present study and previous reports is presumably related to predominantly higher prevalence in chronic hepatitis B compared to chronic hepatitis C in Korea.
In this study, high BP was found as a risk factor of asymptomatic cholelithiasis in male sex. Some previous studies have reported on the relation between high BP and cholelithiasis. [26, 27] Risk factors for high BP were age, obesity, diabetes, and dyslipidemia, and cholelithiasis shares these as risk factors.
There were several limitations in this study. First, because data were analyzed retrospectively, information about other risk factors for asymptomatic cholelithiasis such as history of pregnancy, parity, rapid weight reduction, or the use of lithogenic drugs were not investigated. Further studies including these risk factors are required to identify reasons for the differences in the prevalence of asymptomatic cholelithiasis, particularly in females younger than 40 years. Second, males were significantly older than females; thus, comparison of overall incidence of asymptomatic cholelithiasis was difficult because risk of asymptomatic cholelithiasis increased with age. However, the influence of age might be small in this study because the difference in age between males and females was only 1 year and the prevalence of asymptomatic cholelithiasis was also analyzed according to age group. Third, type of asymptomatic cholelithiasis was not evaluated and as this is important in the evaluation of prevalence and risk factors for asymptomatic cholelithiasis, studies concerning composition of asymptomatic cholelithiasis are needed. Nevertheless, this study was one of the few studies to evaluate sex differences in the prevalence and risk factors for asymptomatic cholelithiasis, particularly in a non-Western area.
In conclusion, overall prevalence of asymptomatic cholelithiasis in Korean health screening examinees was 4.2% with similar prevalence in both sexes. Females showed higher prevalence of asymptomatic cholelithiasis compared to males younger than 40 years, whereas it was higher in males older than 50 years. Age and obesity were risk factors for asymptomatic cholelithiasis in both sexes. Males had additional risk factors of high BP and females had hypertriglyceridemia and chronic hepatitis B infection.
